Based on the analysis of China's grain production and demand quality grade, this paper uses the non-equidistance GM (1,1) model and the inference algorithm to predict the structural balance of the supply and demand grades of China's four major grain crops. The results show that the supply and demand for wheat, corn and rice can maintain a quantitative balance. While, it's difficult to achieve a quality grade balance in wheat and rice and keep a supply and demand balance in terms of quantity and quality of soybean. Simultaneously, the supply of premium grade corn is greater than the demand. The analysis and prediction results can reflect the existing structural balance matter of grain supply and demand at different quality grades in China, and provide theoretical basis for governments to formulate relevant policies.
cuses on the following two aspects. On the one hand, it is about the total quantitative balance of grain supply and demand. Xie [1] predicted the new situation and challenges of grain supply and demand in the new era. Hu [2] established a grain supply and demand model to study the structural characteristics and spatial distribution of China's grain supply and demand. Gao and Teng [3] [4] analyzed the grain supply and demand relationship and grain security situation in Tibet and Chongqing respectively. Shang [5] analyzed the trends of grain price in the international and domestic markets and their correlation with China's grain supply and demand. On the other hand, many scholars have conducted research on grain quality and safety. Zhu [6] studied the government responsibility system of grain quality and safety. Zhang [7] analyzed the status quo of grain quality safety and evaluated various aspects of grain security. Guo [8] took the improvement of wheat quality as an example to analyze the impact of improved subsidies on grain quality. It can be seen from the previous studies that most scholars analyzed and predicted the total amount of grain supply and demand, qualitatively studied the policy standards of grain quality. There is little or no quantitative research on the supply and demand balance for grain quality grade. In addition, considering the characteristics of grey forecasting for small sample poor information data, this paper divides grain production and consumption into different grades for supply and demand balance research and forecast grain production and demand by grey prediction model. The grey non-equidistant model would make the prediction and analysis results more realistic.
Research Methods

Non-Equidistant GM (1,1) Model
GM(1,1) model is an important prediction method of the grey system theory. It mines new information based on the limited data of the research object, and expresses the inherent trend and basic law. Since it is suitable for "small sample"
and "poor information" uncertain system modeling, it is widely used in industries, agriculture, medicine, geological exploration and other fields. Due to the inaccessibility and lack of data in the grain production and demand, this paper chooses the non-equidistance GM(1,1) model to predict them, which can make the prediction results more realistic. The modeling mechanism is as follows [9] [10] [11] :
Set the non-negative sequence as
is called as unequidistant sequence. The accumulative generation sequence of 
Inference Algorithm
The purpose of grain demand forecasting is to adjust the grain production structure according to the forecast results to achieve a balance between supply and demand. This paper will measure the demand for major grain crops based on the analysis of the consumption characteristics and the prediction of grain demand.
Analysis and Forecast of Grain Supply and Demand Quality Grade
With the improvement of people's living standards and the richness of material consumption, people's requirements for the quality of grain are getting higher and higher, not only limited to the satisfaction of quantity, but also to the safety, health, appearance and quality of grain products. In the case of equal safety and hygiene, the choice of high-quality grain products has gradually become a new consumer concept and culture. Therefore, this paper divides grain production according to the quality grade standard of China, divides the grain demand grade according to the demand quantity of different purposes of grain, and analyses and predicts the balance of quality grade.
Division and Analysis of Grain Production Quality Grade Standards
According to national standards, wheat's quality grade standard is divided into first grade to fifth grade and substandard in light of the capacity, unsound kernel, impurity content, moisture and color and odor. Details of the grade standard for wheat are shown in Table 1 .
Corn's quality grade standard is divided into first grade to fifth grade and substandard according to capacity, unsound kernel, impurity content, moisture and color and odor. The details of the grade standard for corn are shown in Table 2.
Soybean's quality grade standard is divided into first grade to fifth grade and substandard according to capacity, unsound kernel, impurity content, moisture and color and odor. The details of the grade standard for soybean are shown in Table 3 .
The rice is mainly divided into hsien rice and japonica rice. Then the hsien rice is divided into early hsien rice, late hsien rice and indica glutinous rice, the japonica rice is divided into japonica rice and round grain glutinous rice. The rice's quality grade standard is divided into first grade to fifth grade substandard according to roughness rate, whole milled rice rate, impurities, moisture, color and odor. The details of the grade standards for rice are shown in Table Table 4 . Quality standard of rice. Table 5 (the data of 2012 and 2013 are deleted). It can be seen from Table 5 that in the overall quality level of grain production in China, except for soybeans, the proportion of medium and above is more than 90%. The first grade quantity of wheat production increased in volatility, and the proportion of total wheat gradually increased from 37% in 2011 to 43% in 2017. The number of second-grade and third-grade wheat gradually decreased, the second grade proportion reduced from 35% in 2011 to 31% in 2017 and the proportion of third-grade wheat fell from 21% in 2011 to 16% in 2017. 
Division and Analysis of Demand Quality Grade
Demand determines production, and high-quality markets enable producers to see the business opportunities and planting hopes. High-quality grain can be American Journal of Plant Sciences sold at better prices and larger sales, which can greatly increase producers' profits. Under the urging of economic interests, producers can improve the quality of grain from all aspects in the production. Therefore, the classification of the grain demand is conducive to allowing producers to see the gap in production, promoting changes in production methods, improving the quality of grain production, and providing a theoretical basis for the government to further improve the quality of grain production.
Grain demand can be divided into two major categories, four major varieties and four major uses in China. The two categories refer to food for grain and non-food for grain. Food for grain refers to the direct and indirect need to meet people's food and food consumption. Food for grain includes two categories: ration and feed grain. Non-food grain mainly includes industrial grain and seed grain. Four major varieties refer to wheat, corn, rice and soybean. The demand for these four categories accounts for 90% of the total grain demand. Ration is the largest grain use in China, accounting for more than 50% of the total grain demand. The proportion of grain demand has been decreasing. With the improvement of people's living standards, the improvement of dietary structure, the increase of food such as meat, poultry, eggs, vegetables and fruits, the per capita consumption of rations in China has decreased significantly. It has dropped from 51.24% in 2008 to 42% in 2017. Due to the particularity of the rations requirements, this paper classifies the ration requirements of the four main grain varieties into the level of higher than third grade. Feed grain is the second largest grain demand in China. With the improvement of people's living standards, the proportion of quantity has increased steadily. Feed grain increased from 129.12 million tons in 1995 to 163.43 million tons in 2017. Since the grain grade requirements of feed grain are not so high, this paper divides the requirements of feed demand into third class and below standards. Industrial food refers to the general term of grain used as the main raw material or excipient, such as pharmaceutical and chemical industry, alcohol, liquor making, starch and other production industries. As the third largest use of grain in China, its quantity and proportion ranked third in total grain consumption from 73.5 million tons in 2008 to 186.05 million tons in 2017, it increased more than doubled, with an average annual growth rate of 15.3%. Due to the characteristics of the industry's qualified varieties in the industry, 60%, 10%, 20%, and 30% of the grain varieties used for industrial of wheat, corn, soybean and rice are selected for level of higher than third grade by consulting relevant literature [12] [13] [14] [15] .
Through the review and calculation of data, the grain demand for four main grain varieties and the demand grade in 2011, 2014-2017 are shown in Table 6 and Table 7 .
It can be seen from Table 6 that the demand for wheat ration is gradually decreasing from 2014 to 2017 but not very large, industrial grain is rising in small fluctuations. The demand for feed grain is declining, but basically stable at 6 million tons, indicating that the planting area of wheat is basically stable. The demand for rations in rice showed a downward trend with fluctuations, and the improved in recent years, the demand for four uses of soybeans is growing rapidly. Rice is the main edible grain in China, the proportion and quantity of ration demand are increasing in recent years.
As can be seen from Table 5 and Table 7 , the demand for wheat above medium is always greater than its production, and the gap is gradually reduced.
However, there is still a demand gap of nearly 1 million tons of high-quality wheat by 2017, indicating that we should pay more attention to the cultivation of high-quality wheat. The production of wheat at the third and below the third grade is far greater than the demand, and the supply and demand gap is getting bigger and bigger. For the balance of production and demand quality of corn, the supply of medium and above grade is far greater than the demand, and the gap firstly rises and then falls, while the demand below the third level is far more than the supply. It shows that due to the high economical efficiency of corn and short cycle, the enthusiasm of growers for corn planting is greater than other crops. The production of high quality corn is more than demand. Therefore the production structure of corn and other varieties should be adjusted to reasonably inhibit corn production. For soybean, both the demand for high-quality soybean and the low grade soybean are much larger than their yield, and the gap between production and demand is increasing. Its demand for high-quality soybean is growing at an average annual rate of 8.7%, while its annual production growth rate is only 2.6%, far less than the growth rate of demand, and there is a gap of about 20 million tons in quantity. In terms of rice, the demand for high quality rice above medium is greater than its supply, and the gap has waved from 281.994 million tons in 2011 to 28.79 million tons in 2015 and to 217.15 million tons in 2017. The production of medium and below rice is much larger than its demand. Total amount of rice can maintain the basic balance of production and demand, but the quantity of high quality rice is still in short supply.
Grain Supply and Demand Quality Grade Balance Prediction
Due to the difficulty of obtaining data on grain production and demand quality grade, data interruption, and fewer samples. According to the modeling principle of grey non-equidistance GM(1,1), this paper predicts the quantity grade of grain production and demand according to the estimating method and Delphi method. The prediction results are shown in Table 8 .
It can be seen from the forecast results in Table 8 that the total yield of wheat, corn and rice can meet the demand in the total quantity. For soybean, the total production is still far from its demand. However, in terms of the balance of supply and demand at various grades, the yield of medium and above wheat and its demand have an annual average gap of 10 million tons, and the yield of third grade and below is oversupply. In the case of corn, the above mentioned production amount is greater than its demand, the production amount is about twice than the demand. The average annual gap is more than about 14 million tons, and the gap is gradually increasing. The supply of quality grades less than third is much smaller than its demand. For rice, its third grade production is not enough to supply its demand, the annual average gap is 25 million tons, increasing at a rate of 5 million tons per year. The supply of third grade and below is far greater than demand, and it is increasing at a rate of 2% every year. When it comes to soybean, the yield is much smaller than the demand in both the total amount and the various quality grades. The demand for third grade soybean is 3.4 times that of the supply, and the demand for below third grade per year is 21.7 times of the supply.
Conclusions
Based on China's requirements for various grain quality standards and grey non-equidistance GM(1,1) model and estimating method, this paper classifies and predicts the quality grades of production and demand of four major grain varieties in China. From the analysis and prediction results, we can find that the supply and demand of wheat, corn and rice can achieve a basic balance in quantity, but wheat is difficult to achieve high quality supply and demand balance.
There is a big gap between supply and demand of soybean's quantity and quality.
In this regard, it can be promoted from the following aspects.
On the one hand, the government can mobilize the enthusiasm of farmers to grow high-quality grain, introduce policies to encourage the improvement of the quality of wheat, rice and soybean. Agricultural subsidies should be tilted towards these high-quality grain growers and increase the subsidies. We can also establish special high-quality grain special funds to subsidy new varieties of high-quality grain and new technologies. At the same time, we ought to actively explore technological innovation, increase research and development of new varieties with high-quality, promote the transformation of scientific and technological achievements, and enhance the application of science and technology. In addition, the management of cultivated land quality should be strengthened at the same time. The quality of cultivated land is the key to producing high quality grain. Local governments should carry out large-scale political work on land development, promote the transformation of low-and medium-yield fields, increase the construction of farmland for drought and flood protection, and implement comprehensive management to improve the quality of cultivated land.
